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Problem area 
The Generic Methodology for Verification and Validation (GM-VV) 
development started in an international joint project of the 
Western European Armament Group (WEAG), called REVVA, and 
was continued within the NATO-MSG-073 task group. This 
cooperative effort of multiple nations (CAN, FRA, GER, NLD, SWE 
and TUR) aimed at delivering a standard and universal applicable 
framework for the verification and validation (V&V) of models, 
simulations and data, which will be shared between these 
nation’s defence organizations. The GM-VV has been approved in 
2013 as a standard guidance for V&V within the Simulation 
Interoperability Standards Organization (SISO).  
In 2011 the Dutch Ministry of Defence initiated a project to 
develop a Dutch expertise centre for V&V of M&S in order to 
consolidate and capitalize their investments in the GM-VV. The  
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objective was to obtain a permanent V&V 
service providing organization for the Dutch 
defence organization itself but also for other 
(inter)national M&S organizations outside the 
defence domain. This V&V expertise centre, 
called Q-tility, was launched in October 2012 
and is powered by the Dutch National 
Aerospace Laboratory NLR and the Netherlands 
Organization for Applied Scientific Research 
TNO. To gain practical knowledge and 
experience with the GM-VV, and realize an 
operational V&V organization (e.g. personnel, 
tools and techniques) a series of V&V case- 
studies have been performed. One of these 
case-studies was a V&V study to support the 
development of a distributed mission training 
environment for the Air Operations Control 
Station (AOCS) of the Royal Netherlands Air 
Force. 
Description of work 
The NLR, in cooperation with AOCS, started a 
project to develop a one-day training course 
prototype for a familiarization training on the 
NLR F4S-MASE simulation system for trainees 
who are about to finish their initial Fighter 
Controller training. AOCS intends to use this 
training environment as a replacement for the 
current familiarization training in a live F-16. To 
support the AOCS decision making process, an 
independent V&V was desired to determine 
whether this training environment could be a 
valid alternative for the current live F-16 
training. 
A simplified V&V life-cycle model instance is 
tailored from the GM-VV implementation 
framework to structure and perform the AOCS 
V&V study of the F4S-MASE simulation 
environment. This V&V life-cycle model is a 
light-version that addresses both the project 
and technical level aspects of the V&V study. 
The GM-VV project level has been instantiated 
because the V&V study had to be executed as 
separate project from the training simulation 
development project. The enterprise level is 
not explicitly instantiated since the existing 
V&V personnel, best-practices, tools and 
techniques are provided through the Q-tility 
enterprise organization and memory. The V&V 
life-cycle model that was instantiated from the 
GM-VV consists of three distinct phases: V&V 
project initiation (this section), V&V project 
execution and V&V project closure. Next this 
V&V life-cycle model was applied to conduct 
the actual V&V study.  
 
Results and conclusions 
The AOCS V&V study described in this paper 
was one of the first large-scale applications of 
the GM-VV by Q-tility that followed several 
limited GM-VV trials by the NATO NMSG-073 
Task Group. This study showed that the GM-VV 
provides good guidance and set of reference 
products and process to effectively conduct 
V&V of distributed simulation environments; 
the resulting V&V report did satisfy the V&V 
needs of AOCS and was well appreciated. Prior 
to applying the GM-VV, it needs some amount 
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of work to instantiate a concrete V&V life-cycle 
through its tailoring framework. This tailoring 
process is not a trivial and straight-forward 
activity, and has a steep learning curve for 
those not familiar with the GM-VV approach. 
However, Q-tility’s current V&V projects show 
that this initial investment effort pays back 
through reuse of the created V&V life-cycle 
model from the AOCS project in other M&S 
projects. Furthermore, the efficiency of our 
current active V&V projects is further enhanced 
by the V&V better guidelines, methods, 
techniques and metrics that resulted from the 
lessons-learned from the AOCS project. 
 
Applicability 
This paper applies to all who want to gain 
insight and hands-on for utilizing the new SISO 
GM-VV recommended practice for the 
verification and validation of a model, 
simulation or serious-game. 
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Summary 
The GM-VV – Generic Methodology for Verification and Validation – is a comprehensive and 
standardized methodology for verification and validation (V&V) that supports the acceptance 
simulations. Its architecture provides a set of generic components to organize and manage V&V 
efforts, develop and execute V&V tests. These components are designed independently from any 
specific M&S application or domain. This makes GM-VV universal applicable and compatible to 
any V&V effort inside the M&S domain. This paper gives a brief overview of the GM-VV, but its 
main purpose is to present how the GM-VV has effectively been applied for the verification and 
validation of a distributed mission training environment for the Air Operations Control Station 
(AOCS) of the Royal Netherlands Air Force. This mission training environment interconnect, by 
means of the DIS protocol, two real air operation control station (MASE), several existing fixed-
based F-16 simulators and a constructive simulation capable of generating realistic air threats. 
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Verification and Validation of a Distributed Air Operation 
Mission Training Environment 
Manfred Roza1, and Arjan Lemmers2 
National Aerospace Laboratory NLR, Amsterdam, the Netherlands 
Capt. Freek van Heck3 
Dutch MoD, Air Operation Control Station, Nieuw Milligen, the Netherlands 
The GM-VV – Generic Methodology for Verification and Validation – is a 
comprehensive and standardized methodology for verification and validation (V&V) 
that supports the acceptance simulations. Its architecture provides a set of generic 
components to organize and manage V&V efforts, develop and execute V&V tests. 
These components are designed independently from any specific M&S application or 
domain. This makes GM-VV universal applicable and compatible to any V&V effort 
inside the M&S domain. This paper gives a brief overview of the GM-VV, but its main 
purpose is to present how the GM-VV has effectively been applied for the verification 
and validation of a distributed mission training environment for the Air Operations 
Control Station (AOCS) of the Royal Netherlands Air Force. This mission training 
environment interconnect, by means of the DIS protocol, two real air operation control 
station (MASE), several existing fixed-based F-16 simulators and a constructive 
simulation capable of generating realistic air threats.  
Nomenclature 
AOCS   = Air Operation Control Station 
DIS   =    Distributed Interactive Simulation  
GM-VV   = Generic Methodology for Verification and Validation 
LVC   =    Live, Virtual and Constructive 
MASE   = Multi AEGIS Site Emulator 
M&S   =    Modeling and Simulation 
REVVA   =   Reference framework for Verification, Validation and Acceptance 
SISO   = Simulation Interoperability Standards Organization 
ULT   =    Unit level trainer 
V&V   = Verification and Validation 
WEAG   = Western European Armament Group 
Introduction 
imulations are nowadays widespread in national defense organizations and well accepted for certain 
training tasks. The current decreasing training budgets force defense organizations to look continuously 
for new opportunities to maximize operational team training results. Therefore, the effective use and reuse of 
existing simulations within today’s defense organizations is getting more and more wide-spread. One of the 
                                                     
1 Sr. R&D Engineer, Training, Simulation & Operator Performance, Anthony Fokkerweg 2, 1059 CM 
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2 Sr. R&D Engineer, Training, Simulation & Operator Performance, Anthony Fokkerweg 2, 1059 CM 
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3 Head of Department, Fighter Control Simulator Training Department, P.O. Box 52, 3886 ZH Garderen. 
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reuse strategies that currently are applied is the interconnecting of existing live operational systems with 
virtual and constructive (LVC) simulations to quickly build a new training environment that looks like the 
operational environment. This way of reusing simulations could lead to uncertainties about the utility, 
fidelity and correctness of the newly created training environment. Though existing simulations have often 
interfaces to interact with other simulations, mostly they have been developed with their own operational 
system and training objective in mind. Verification and validation (V&V) has been performed up to a certain 
level for this stand-alone situation, but not for this newly created training environment as whole. It is 
therefore imperative that new V&V tests have to be performed and combined with results from these prior 
V&V efforts, to ensure that the utilization of the simulations within such a new training environment and 
training purpose is effective (i.e. results in properly trained personnel).  
 
 The effective and efficient V&V of distributed LVC simulations, despite advanced technical 
interoperability standards such as DIS and HLA, in (multi)national and joint military operation training 
context still remains an issue. This is due to the fact that compared to M&S technology, V&V is still a 
relatively new field of technology and practice, with many very divergent approaches. The V&V method that 
works best in a given situation depends on the individual needs and constraints of an M&S organization, 
project, application domain or technology. Therefore, there exist many different approaches to V&V that rely 
on a wide variety of V&V terms, concepts, products, processes, tools or techniques. Moreover, the maturity 
level with V&V is performed differs widely from no V&V at all to application of formal V&V methods. 
This resulting proliferation restricts or even impedes the transition of V&V assets and results from one M&S 
organization, project, and technology or application domain to another. This context was the key driver 
behind the development of the Generic Methodology for Verification and Validation (GM-VV)1,2. 
The GM-VV development started in an international joint project of the Western European Armament 
Group (WEAG), called REVVA, and was continued within the NATO-MSG-073 task group. This 
cooperative effort of multiple nations (CAN, FRA, GER, NLD, SWE and TUR) aims at delivering a standard 
and universal applicable framework for V&V of models, simulations and data, which will be shared between 
these nation’s defense organizations. The GM-VV was recently approved as a standard guidance for V&V 
within the Simulation Interoperability Standards Organization (SISO) 3,4. The GM-VV provides a technical 
framework with a set of generic components to organize and manage V&V projects, develop and execute 
V&V tests. These components are designed independently from any specific M&S application or domain. 
This makes GM-VV scalable, universally applicable and compatible to any kind of V&V inside the M&S 
domain.  
 
In 2011 the Dutch Ministry of Defense initiated a project to develop a Dutch expertise center for V&V of 
M&S in order to consolidate and capitalize their investments in the GM-VV. The objective was to obtain a 
permanent V&V service providing organization for the Dutch defense organization itself but also for other 
(inter)national M&S organizations outside the defense domain. This V&V expertise center, called Q-tility, 
was launched in October 2012 and is powered by the Dutch National Aerospace Laboratory NLR and the 
Netherlands Organization for Applied Scientific Research TNO. To gain practical knowledge and experience 
with the GM-VV, and realize an operational V&V organization (e.g. personnel, tools and techniques) a series 
of V&V case- studies have been performed. One of these case-studies was a V&V study to support the 
development of a distributed mission training environment for the Air Operations Control Station (AOCS) of 
the Royal Netherlands Air Force. 
 
The paper starts with a brief summary of the GM-VV as referential basis (Section II). The remainder of 
the paper provides the background of the AOCS training environment (Section III) followed by an in-depth 
presentation of how the GM-VV has been applied during the development, verification and validation 
activities (Section IV, V and VI). Finally the paper ends with lessons-learned from this V&V case-study as 
well with future R&D work.  
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GM-VV Technical Framework Overview 
The purpose of this section is not to provide a detailed and in-depth presentation of the GM-VV. This is 
beyond the scope of this paper. The interested reader is referred for a more detailed presentation of the GM-
VV technical framework to our 2011 AIAA-MST and 2012 SCS- JDMS papers 1, 2. Here only a referential 
basis of the GM-VV is given which is necessary to understand the presentation of the AOCS V&V case-
study, the core of this paper. 
 
The GM-VV technical 
framework applies a 
reference model and 
architecture approach, instead 
of trying to cover or merge 
all possible and existing 
V&V methods into a single 
one-size-fits-all V&V 
method implementation. This 
technical framework (Figure 
1) consists of three parts that 
build upon existing V&V 
methods5,6,7,7 and other 
related practices8,9. The conceptual framework provides unifying terminology, concepts and principles to 
facilitate communication, common understanding and execution of V&V within an M&S context (Section 
A). The implementation framework translates these concepts into a set of generic building blocks for the 
development of consistent V&V method implementations supporting an individual M&S organization, 
project, and technology or application domain (Section B). GM-VV provides a tailoring framework that 
utilizes these building blocks to develop and cost-efficiently apply such V&V method instantiations (Section 
C). 
A. Conceptual Framework 
    This framework provides the basic terminology, semantics, concepts and principles for V&V. The key 
principle of GM-VV is its quality focus in which a good quality M&S is defined in terms of a system that fits 
the M&S user’s purpose, provides the needed features, and contain few, or any important deficiencies. In 
here an M&S is considered to be a system of hard- and software components which simulate the behavior of 
a real-world system (i.e. simuland) by means of models. Therefore, GM-VV defines four types of property 
domains to characterize the M&S system quality. The first two are the M&S utility and correctness, which 
primarily related to the hard- and software implementation and functionality. The third and most important 
one is the level of fidelity 
of the replication of the 
simuland representation 
and behavior by the M&S 
system8. Uncertainty in 
determining quality in the 
three aforementioned 
properties of the M&S 
system is the last 
property. Uncertainty 
relates to the fact that 
M&S is always an 
abstraction and 
approximation of the 
simuland, hence contains 
 
Figure 1. GM-VV Technical Framework Overview 
 
 Figure 2. V&V Argumentation Structure: Goal-Claim Network 
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inherent unknowns due to lack of knowledge (epistemic uncertainty) and often non-deterministic simuland 
behavior (aleatoric uncertainty)9. 
 
    The GM-VV uses a mission statement to characterize the objective and scope of V&V in pragmatic 
manner being: “A process to effectively and efficiently gain insight into and provide advice on the M&S 
quality and associate use risks; to support well-informed decision making”. This is not only done for the 
M&S system (intermediate) product and results, but also for their development and usage processes, since 
these processes are a source for M&S system deficiencies and uncertainties. To accomplish this mission 
statement evidence for the M&S system must be acquired that is credible, useful, accurate, auditable, 
traceable and timely available. For this purpose GM-VV applies the concept of a V&V argumentation 
structure (Figure 2) in combination with an organizational and management approach for V&V. Both 
approaches help to determine which M&S quality properties needed to be assessed; what, how and when 
V&V evidence has to be acquired for these properties; build and document an evidence-based arguments and 
claims regarding the M&S system quality; all in structured, consistent and systematic manner. In the AOCS 
case-study presentation these concepts are illustrated in detail (Section IV and V). 
B. Implementation Framework 
    The GM-VV implementation framework enables the development of different less abstract (i.e. reference) 
and specific (i.e. concrete) implementations for V&V of M&S systems; but all build on common and 
consistent foundation such that V&V interoperability can be established, and results can be efficiently shared 
and reused between M&S organizations. Therefore, this framework provides a generic architectural template 
for developing structured and well-organized V&V solutions for a specific individual M&S organization, 
project, and technology or application domain. As such, the GM-VV implementation framework provides 
the two design patterns and reusable building blocks (i.e. components) to underpin such concrete V&V 
solutions. By means of tailoring these generic templates and building blocks of the GM-VV implementation 
framework to develop and cost-efficiently utilize specific V&V application instances (Section C). 
 
    The first implementation framework design pattern comprises three interrelated dimensions for the generic 
components: product, process 
and organization (Figure 3). 
The underlying principle of 
this pattern is that the V&V 
needs of an M&S project or 
organization are addressed by 
one or more V&V products, 
being primarily V&V reports 
and possibly other required 
V&V products. These V&V 
products require associated 
processes to produce them. 
Finally these V&V processes 
are executed by a 
corresponding V&V 
organization (i.e. roles) that is responsible for the V&V products. The GM-VV implementation framework 
provides a set of generic reusable building blocks (i.e. components) for each of these dimensions. These 
components are grouped into three interrelated organizational levels where V&V of M&S can be considered 
(Figure 3). In here the technical level comprises a set of technical components that together constitute a 
generic engineering life-cycle template for structuring the low-level technical V&V work. The project level 
provides a set of project-oriented components that together constitute a template for organizing and 
managing the low-level technical V&V work (e.g. V&V project staffing, plans and reports). The enterprise 
level provides a set of enterprise-oriented components that together constitute an enterprise level 
 
Figure 3. GM-VV Implementation and Tailoring Framework 
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organization (i.e. a line organization) template for establishing and operating a permanent V&V 
organization. 
C. Tailoring Framework 
    The GM-VV tailoring framework is applied in two phases to tailor the aforementioned set of V&V 
implementation components (i.e. products, process and organizational roles) for each individual M&S 
organization, project or application domain (Figure 3). In the first phase these implementation components 
are utilized to establish concrete V&V solutions on one or more of the three organizational levels (i.e. a 
permanent V&V organization, V&V project or technical V&V approach). Four tailoring framework 
approaches, namely, extension, reduction, specialization and balancing are applied1,2. Successful application 
of this first tailoring phase results in a V&V method conforming to the GM-VV architectural templates (i.e. 
in a structure and organizational manner) and matches the V&V needs of an M&S project or organization.  
In the second phase these same four tailoring approaches are applied throughout the operational life-time (i.e. 
permanent organization or project) or execution (i.e. technical approach) of each V&V method. This type of 
tailoring comprises run-time optimization of the instantiated V&V processes at all three organizational 
levels. At a technical level this could imply the application of a risk-based approach to prioritize the M&S 
system properties to be verified or validate, and allocate specific V&V techniques and tools based on M&S 
user risk tolerance levels. On the project level this could be the alignment of technical V&V activities with 
the progress of the M&S system’s life-cycle phases, balance and allocate the available V&V resources to 
each phase M&S life-cycle or (work) products. On the enterprise level this could mean balancing the cost-
risk of new investments in training of personnel or V&V tool infrastructure development against the number 
of future V&V activities. As such risk-based V&V is used to find optimum cost-benefit-ratio of the V&V 
technical work itself and the organizational aspects around it. 
AOCS Training Simulator Development Background 
    The Dutch Air Operations Control Station (AOCS) in Nieuw Milligen is responsible for all military flight 
operations in designated areas of the Dutch airspace, both military as well as civil airspace. AOCS has two 
distinct tasks: air-traffic control and fighter control. The fighter control task is the crisis and warfare task, 
which is part of the integrated air-defense system of NATO. So called fighter controllers are responsible for 
the monitoring and tactical coordination of air movements in this air defense role. To execute their daily 
tasks, the fighter controllers use the Multi-AEGIS Site Emulator (MASE) working station, which integrates 
and displays tactical and air movement data from various sensor systems (e.g. radar systems and Link-16). 
For this reason the MASE system has the classification confidential. Fighter controllers use voice 
communication with the pilots to direct and coordinate F-16 fighter aircraft deployment to the various hostile 
targets.  
 
    AOCS fighter controllers used to conduct familiarization flights in a real F-16 to gain awareness of the 
many concurrent tasks that F-16 pilots have to perform in tactical combat situations. This awareness helps 
fighter controllers to understand why pilots respond differently in various situations. It also helps them to 
notice when the situation in the cockpit allows for communication and when not. This is important for being 
able to anticipate to these situations by providing pilots with the right information exactly at the moment they 
require it, thus making the team more efficient. Fighter controllers who have not experienced the 
familiarization may have more difficulties in perfecting the exact moments for providing information and 
communicating with the pilot. However, cuts in budgets restrict the total available F-16 flight time for this 
training purpose and, more importantly, almost all Dutch F-16BM (dual-seat) have been sold. Therefore, it is 
hard, if not impossible to organize familiarization flights on real F-16s. 
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One year ago AOCS and NLR developed a prototype distributed simulation in the context of another project. 
This simulation environment 
coupled the NLR’s Fighter-
four-ship (F4S), NLR’s 
computer generated forces 
simulation (STAGE), with 
two AOCS’s MASE 
working stations through a 
Distributed Interactive 
Simulation (DIS) protocol. 
For F-16 pilots, flight 
simulator training is a good 
addition to live flight 
training. Thus, such flight 
simulators may also be a 
good alternative for the 
AOCS Fighter controllers’ 
F-16 familiarization training. 
AOCS already uses the Netherlands Air Force F-16 Unit Level Trainer (ULT) simulators in their ‘a day in 
the field training’. During which trainees spend a day attending a briefing, flying F-16 ULT and participating 
in a debriefing. The F4S-MASE simulation environment alternative differs from the original ‘a day in the 
field training’ in that trainees can collective fly multiple F-16 simulators in realistic team operation 
scenario’s, but are also given the opportunity to train their own operational duties as Fighter Controllers. The 
F4S has also more capabilities than the ULT to simulate and demonstrate the nowadays communication 
means like Link-16 in the cockpit. NLR, in cooperation with AOCS, started a project to develop a one-day 
training course prototype for a familiarization training on the F4S-MASE simulation system for trainees who 
are about to finish their initial Fighter Controller training. AOCS intends to use this training environment as 
a replacement for the current familiarization training in a live F-16. 
V&V Project Initiation, Organization and Management 
    A simplified V&V life-cycle model instance is tailored from the GM-VV implementation framework 
(Section II-B) to structure and perform the AOCS V&V study of the F4S-MASE simulation environment. 
This V&V life-cycle model is a light-version that addresses both the project and technical level aspects of the 
V&V study. The GM-VV project level has been instantiated because the V&V study had to be executed as 
separate project from the training simulation development project. The enterprise level is not explicitly 
instantiated since the existing V&V personnel, 
best-practices, tools and techniques are provided 
through the Q-tility enterprise organization and 
memory (i.e. a GM-VV enterprise level instance). 
    The V&V life-cycle model that was 
instantiated from the GM-VV consists of three 
distinct phases (Figure 5): V&V project initiation 
(this section), V&V project execution (Section V) 
and V&V project closure (Section VI). The blue 
processes reflect and integrate the GM-VV 
project level process components. The green and 
red processes reflect and integrate the GM-VV 
technical level process components. 
A. V&V Agreement Settlement 
The V&V initiation phase started with settling a 
 
Figure 4. F4S-MASESimulation Training Environment  
 
Figure 5. V&V Life-Cycle Model Instance  
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V&V agreement with AOCS stakeholders, the user of the final V&V report from this study. This activity 
consisted of various interviews with these stakeholders, fighter controllers and instructors, visit to AOCS and 
NLR F4S facilities to gain insight into the current fighter controller daily operations and duties, as well as the 
current simulation-based training program and environments. Based on the acquired information the V&V 
project needs, objectives and constraints were identified. Next, a V&V quick-scan technique as developed by 
Q-tility was applied to scope the V&V technical work. In this V&V quick-scan technique the GM-VV 
technical level processes are executed from a high-level in a one-day moderated interactive workshop 
involving a cross section of relevant stakeholders from AOCS, NLR F4S employees, and other training and 
simulation SME. The results from this quick-scan were then used to define the rigor of the V&V technical 
activities, milestones and schedule along with an estimation of the resources and budget required for the 
V&V project. 
    All were summarized into a V&V agreement, according the information template provided by the GM-
VV4, which after several reviews and iterations with the AOCS stakeholders stabilized in a final V&V 
agreement. This V&V agreement was signed by the V&V enterprise manager of Q-tility and the department 
head of the AOCS fighter control simulator training department. 
B. V&V Project Organization 
    After the V&V agreement was settled a V&V project manager was assigned by Q-tility enterprise 
manager, who formed a V&V team of Q-tility experts that had not only the right V&V skills but also 
experience in the area of distributed simulation technology or training or both. Collectively this team has all 
the skills and domain knowledge to properly cover the V&V project objectives and scope.  
To properly manage, document, track and trace all information artifacts and work products produced during 
the V&V project, a project memory was instantiated. This project memory was implemented as a shared, but 
password protected, project file system within the Q-tility enterprise memory (i.e. data and knowledge base 
in a secure internal Sharepoint). This project memory file system was organized according the key V&V 
management and technical activities as presented in Figure 5, and contained instances of the GM-VV 
information templates as a basis to document the V&V information items to be developed.  
    Besides the V&V project memory several other tools were used. For general status reporting other 
information artifacts MS Word and associated product templates have been applied. Mindjet, was used as the 
mind mapping tool to document and visualize SME and AOCS stakeholder discussion results during the 
project. The MS excel based Q-tility Training Validation Tool was selected to V&V the training design and 
implementation. The freeware yEd tool in combination with the Q-tility Goal-Claim Network Modeling 
Language was used to construct the goal and claim network (Figure 2) 
C. V&V Project Planning, Monitoring and Control 
    From the V&V agreement a more detailed V&V plan was created at the start of the project with specific 
tasks and deadlines, which have been allocated to one or more of the V&V team members. It was also 
decided to have regularly scheduled project team meetings to discuss the status and progress of the project. 
Throughout the whole V&V project the project manager performed risk, configuration and information 
management tasks according to the GM-VV project level processes to assure that project risks and 
information are handled properly, and all V&V intermediate work product configurations are stored properly 
(i.e. versioning).  The configuration management was performed through the V&V project memory (i.e. 
Sharepoint) build-in version system. 
 
    The MASE system used within the F4S-MASE training simulation environment is a live military 
operational system whose contents are classified as confidential. This required additional planning and 
information management activities during the V&V project execution phase to assure that all security 
regulations and policies where understood and applied properly. This had impact on V&V experimental 
frame implementation and results analyses timeframe and cost. Another V&V project risks that had to be 
monitored and addressed was the availability of both AOCS trainees and other personnel, and NLR 
personnel. Furthermore the two regularly used F-16 instructor/test pilots (FSTD flight inspectors) were not 
available posed. A different F-16 instructor pilot was approached, not yet familiar with V&V, which posed 
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the risk regarding the quality and progress of the project. Therefore, a V&V engineer was specifically 
assigned the task to coach him in the inspector and trainer role he had to play within this project. 
Furthermore, V&V project performance measurements were performed on the hours, budget and resources 
spent to all tasks inside the project, in order to gain insight on how the effort is distributed over the V&V 
activities and consolidate this information as lessons-learned for future V&V projects (Section VI-B). 
V&V Project Execution 
    The V&V technical activities were performed according the seven technical processes (green and red) of 
the V&V life-cycle instance depicted in Figure 5. All these technical processes produce V&V information 
artifacts that are stored and shared as data-items in the V&V project memory (Section IV-B). All technical 
processes were executed mostly concurrently and in two iterative cycles to incrementally develop the V&V 
report. This is the result of both the chosen quality-risk and explorative V&V strategy. In the next sections a 
summary description of the conducted activities inside these seven V&V technical processes will be given as 
well as the tools used. Due to the confidential level of the F4S-MASE training simulation environment no 
detailed V&V information artifacts can be presented in this paper. 
A. V&V Context Analysis 
    The purpose of this process is to acquire and analyze all relevant information regarding the system of 
interest and environment in which the V&V study has to be performed and its final acceptance 
recommendation has to be understood and will be applied. This “pre-V&V” process helps to put the 
remaining V&V work (i.e. what and how to V&V) in the right context, and assures that the right V&V 
problem is an adequate manner. Based on the GM-VV four world view concept, Q-tility developed a context 
information discovery and analysis technique (Figure 6). The first step of this technique is that the V&V 
team identifies an initial set of possible information sources (people and media) in each of these four worlds. 
From these sources information is acquired through a structured checklist with the following key information 
categories: products, processes, people, project, risks, assumptions, tools, techniques and metrics, standards, 
security, historical information, and hostiles (e.g. political forces or commercial threats). 
 
    A desktop analysis of 
the information on aspects 
such as its relevance, 
coverage, completeness, 
and consistency was 
conducted as the start-
point. For the F4S-MASE 
simulation system and the 
current F-16 operation 
familiarization training 
this information was 
requested from the AOCS 
department head and the NLR F4S coordinator. Both were also asked to provide contact information of other 
stakeholders or SME that might possess relevant context information. Several visits were planned and 
conducted to both AOCS (focus on real-world and problem world aspects) and F4S at Volkel Air Base 
(focus on M&S and product world) to discuss information with various stakeholders (e.g. interviews, 
brainstorms and workshops), and familiarize with the products (e.g. simulators, training programs), processes 
(e.g. development, training), tools, techniques and standards used in each of the four worlds. New acquired 
information was analyzed and stored in the V&V project memory until sufficient coverage (measured by a 
convergence of information) and understanding of the V&V context was obtained. During the other V&V 
technical processes sometimes new context information was discovered, analyzed, cataloged, indexed and 
stored in the V&V project memory context information directory. Relevant context information acquired 
from stakeholder interviews (e.g. hand written notes) and e-mail was processed in a similar fashion. 
 
Figure 6. Four World Context Information Discovery Technique 
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B. V&V Properties, Metrics and Criteria Specification 
    This process aims at specifying those properties of the F4S-MASE training simulation environment that 
characterize and determine its level of utility, fidelity and correctness1,2 relevant in the context of the AOCS 
intended use (Section III). First activity is therefore the identification of such relevant properties of interest, 
followed by the definition of validation metrics to quantify or qualify the level of utility, fidelity and 
correctness against a suitable referent (Section V-C). The final, and most difficult, activity is to determine 
criteria (i.e. acceptability criteria1,2) for these metrics that express a tolerable or acceptable level of 
conformance; i.e. sufficient conformance with respect to the referent for the F4S-MASE training simulation 
environment to be suitable for the intended use. Establishing such tolerance and acceptable levels of 
conformance, a-priori, is difficult if not impossible. Often the only way is to use engineering judgment (i.e. 
critical thinking) and educated guesses (e.g. based on prior knowledge or experience, an assumption or 
hypothesis) for these criteria, that in some case will be refined based on evidence found through V&V or 
other type experiments. Within the AOCS study this required an initial exploratory V&V life-cycle iteration 
to establish such adequate, by evidence underpinned, tolerance of acceptance levels (Section V-D).  
    Besides these acceptability criteria for the F4S-MASE training simulation environment itself, GM-VV 
also defines criteria that can be placed upon the V&V activities of defining and demonstrating these 
acceptability criteria. These quality criteria directly relate to the level of confidence (i.e. uncertainty) and 
associated residual use risk that can be placed on the M&S product after performing the V&V effort. In this 
V&V study defining and estimating such V&V quality criteria required significant involvement of domain 
SME and stakeholders (Section V-G).  
 
    The development, analysis and documentation of the acceptability was accomplished by the usage of a 
native implementation of the GM-VV goal-network (Sections II-A and IV-B), which was referred in this 
V&V study as the Target of Acceptance (ToA). The initial ToA has been developed by the Q-tility V&V 
team based on the V&V context information collected in the previous process (Section V-A). NLR SMEs in 
the area of modeling and simulation, and training were consulted to provide feedback on this initial version 
and the two successive ToA versions. This third version has been discussed with AOCS stakeholders as well 
as the F-16 instructor pilot. Based on their input a fourth version has been created, which served as the basis 
for the first iteration of the V&V experimental frame design (Section V-C).  
C. V&V Experimental Frame Design 
    The purpose of this technical V&V process is to specify an experimental frame that will produce adequate 
evidence to demonstrate with a sufficient level of confidence that the F4S-MASE training simulation 
environment meets its acceptability criteria (Section V-B). The V&V experimental frame consists of a set of 
evidence solutions that specify what evidence and how the evidence for acceptability criteria should be 
obtained. Specifying evidence solutions involves the design of experiments and for each evidence solution 
the following information should be specified: a reference base with the expected results (i.e. referent), 
measurement or experimental specification, the required equipment and analysis techniques, and initial or 
boundary conditions, evidential strength. Three types of evidence solutions were identified relevant for the 
AOCS V&V study: static solutions not requiring execution of the simulation, dynamic solutions requiring 
the execution of the simulation, and exploratory solutions are either static or dynamic solutions that have an 
open explorative form (i.e. no strict tolerances with respect to the reference base).  
 
    The development, analysis and documentation of the acceptability was accomplished by the usage of a 
native implementation of the GM-VV goal-network (Sections II-A and IV-B), which was referred in this 
V&V study as the Target of V&V (ToVV). Two ToVVs have been developed during the execution of the 
V&V project. Existing evidence solution resources such as the Petty taxonomy of model V&V methods10 
and other known GM-VV based studies1 from Q-tility’s enterprise memory were used in this development. 
The first version of the ToVV was developed based on an extension of version four of the ToA (SectionIV-
B) by a sub group of two V&V engineers of Q-tility’s V&V team. This version of the ToVV was the basis 
for the first dynamic V&V test session, as well as for the static V&V tests of the F4S-MASE simulation 
environment and its development. The second version of the ToVV is depicted in Figure 7 at the next page. 
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In this figure the dark yellow arrows at the bottom specify the individual evidence solutions. This second 
version of the ToVV was evolved from the first version based on the findings of the first dynamic V&V tests 
and incorporates two new areas for more in-depth V&V of the training program and for the AOCS trainee, 
AOCS expert instructor and F-16 instructor pilot evaluation of both the training and simulation environment. 
This version was the basis for the second dynamic V&V tests. 
 
D. V&V Implementation and Execution 
    This technical V&V activity comprises the implementation and execution of the specified V&V 
experimental frame (Section V-C). For the static V&V tests defined in the ToVV no real V&V test 
environment hardware or software had to be implemented. Only MS-word and excel table (i.e., V&V 
findings tracking system) had to be created to store and manage the items of evidence from these static V&V 
tests as well as any other V&V results from evidence solutions specified by the ToVV. On the other hand for 
the dynamic V&V tests in the experimental frame involving the F4S, MASE, and test subjects, significant 
effort was invested to set-up a proper V&V test environment. The latter also requires testing of the V&V test 
hard- and software itself. Therefore, NLR M&S engineers experienced with F4S and MASE were used to 
perform these implementation activities and support the experimental frame execution. One V&V engineer 
was specifically assigned to coordinate the activities of the NLR M&S engineers and actively participate in 
the implementation and testing of the V&V test environment. All development and V&V test results for the 
V&V test environment hard- and software were also documented in the V&V project memory, as part of the 
V&V findings tracking system, and assessed for possible further actions during the V&V team meetings.  
    For the training program validation a tool specification was developed that incorporates the training 
domain evidence solution from the ToVV. For the subjective V&V by AOCS trainees, AOCS expert 
instructors and F-16 instructor pilots a set of evidence solutions were compiled from reusing V&V 
questionnaires of the heavy weather ship handling simulator V&V project conducted by Q-tility for the 
Dutch Navy and Defense R&D1,2. 
 
    One day prior to each V&V dynamic testing session the whole V&V experimental environment was set-
up, configured and tested. The two dynamic V&V test sessions were executed according to strict day 
program and was led by the F-16 instructor pilot supported by a Q-tility V&V engineer. Two other V&V 
engineers were on the scene to observe and subjectively assess the validity of the F4S-MASE training 
simulator prototype. They were also responsible for conducting and collecting the subjective V&V 
questionnaire and ratings by the AOCS trainees and SME, as well as any other relevant items of evidence to 
be collected during these V&V test sessions. Two NLR M&S engineers were on the scene to operate the F4S 
simulation and the associated STAGE scenarios. After each dynamic V&V test session the complete V&V 
team met to discuss the V&V test execution, lessons-learned, initial V&V finding and finally assure that all 
V&V results are properly stored and indexed in V&V findings system as part of the V&V project memory.  
 
Figure 7. ToVV (version 2) for the F4S-MASE Simulation Training Environment  
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E. V&V Results Analysis and Integration 
    Two V&V-cases were developed by the two V&V engineers that were directly involved as observers in 
the two dynamic V&V test sessions conducted. A V&V case was composed after each dynamic V&V test 
session with the items of evidence available at that time. The purpose of the V&V case was twofold. First to 
assess whether the acquired items of evidence were produced conform the V&V experimental frame 
specification, and if not if they are still admissible and to what level of evidential strength. The basis for this 
was the developed ToVV (Figure 7). Usually during V&V execution new items of evidence are discovered 
not yet foreseen in the ToVV. These new items of evidence could support or counterfeit existing 
acceptability criteria or uncover new quality aspects (i.e. utility, fidelity and correctness) that may impact the 
acceptability or use-risk of the simulation. This is in particular true for explorative V&V studies like this 
V&V project.  
 
 
    The V&V case developed from the first dynamic V&V test session showed that no adequate items of 
evidence for a majority indicated by the ToVV could be acquired. Moreover, additional items of evidence 
regarding the training material, training scenarios, training of pseudo-pilots and operational fighter 
controllers popped-up that could not be accommodated but were considered relevant by the two V&V 
engineers to establish an appropriate acceptance recommendation. Therefore, based on that new evidence the 
ToA and ToVV were adjusted with improved and additional acceptability criteria plus associated evidence 
solutions. The VV-case after the second dynamic V&V test session showed these additional V&V properties 
of interest. Moreover, the VV-case showed that no adequate evidence from the trainer was obtained to make 
a judgment about the acceptability of the F4S-MASE training simulator prototype to properly visually 
identify red or blue aircraft. A color coding for the VV-case and A-Case was developed to serve as a 
“dashboard” to visualize and analyze the V&V testing progress and results.   
F. Acceptance Case Development and Recommendations 
    The acceptance case was built using the two V&V cases that result from the two dynamic V&V test 
sessions and static V&V tests. A sub group of the two senior R&D engineers and specialist was formed to 
assess the V&V cases and integrate them into a consistent and defendable acceptance case (A-case) as 
depicted in Figure 8. The acceptance case is a structured argument, supported by a body of evidence, that the 
M&S system is acceptable for a given intended use in a given operational context or environment. The two 
available V&V cases were evaluated against the developed ToA and ToVV to check for completeness, 
consistency, correctness and possible deviations due to additional or unavailable evidence inside (Sections 
V-B and V-C). The items of evidence from the second version of the V&V case that were missing, were 
 
Figure 8. A-Case for the F4S-MASESimulation Training Environment  
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resolved by the V&V subgroup by means of an alternative item of evidence provided by one of the V&V 
engineers who observed the second dynamic V&V test session. Two perspectives have been used to 
compose the final A-case. First from V&V of a conceptual training simulation design, the objective of this 
V&V study (Section IV). As such the acceptability criteria that were not or partially met have been assessed 
first. Based on the premise that the acceptance case is not build for a final and operational training simulation 
environment, the acceptability criteria have been weakened with defendable arguments to match this 
perspective. Given this perspective the conclusion was drawn that due to some reservation (e.g. due lack of 
strong evidence), limitations (e.g. for direct training usage), unserviceability (i.e. not fully operational 
usability or performing below its nominal level) and other errors in the prototype environment, the training 
simulation concept as such is a valid concept. The non-compliancy to the initial acceptability criteria is 
addressed by acceptance recommendations annotations that directly relate to the recommendations in the 
V&V report (Section VI) on how to modify and use the current F-16 familiarization training simulation 
prototype to qualify as an effective training mean. This represents the second perspective on the A-case, and 
when implemented properly the modified F-16 familiarization training simulation prototype should be able 
to meet all initial acceptability criteria of the ToA. Finally, a high level use-risk and residual risk analysis has 
been performed regarding the usage of the current F-16 familiarization training simulation prototype (Section 
V-G).  
G. Quality-Risk Analysis 
    GM-VV uses tailoring approach 
called balancing, which is optimizing 
available resources (e.g. time, budget) to 
address the risks of using the simulator 
or its outcomes for a specific purpose 
(e.g. training). These risks are quality 
risks, meaning risk imposed on the user 
of the simulation or its results due to the 
fact that they both might not be of the 
right quality. Balancing is continuously 
performed throughout the whole V&V 
project life-time and involves tradeoff 
decisions where and how to apply the 
V&V resources to best cover the quality 
risks up to a level that the remaining 
residual risks are acceptable for the 
V&V client. The current GM-VV lacks 
concrete and practical risk assessment 
approach and management techniques. For this V&V project a rather informal (i.e. un-structured and high-
level qualitative) but pragmatic approach to quality-risk analysis has been used to address quality-risk issues 
for the AOCS F-16 familiarization training simulation prototype (Figure 9). This analysis approach combines 
several ideas, aspects and concepts from software quality risks assessment (PRISMA method), safety 
engineering (Failure Modes and Effects Analysis) and standard text book on risk management11,12,13. During 
the execution of the V&V project this quality-risk analysis approach has been applied to all aforementioned 
V&V activities (Sections V-A to V-F).  
V&V Project Closure and Consolidation 
    According the GM-VV standard the V&V project consolidation phase consists of two major activities. 
First the delivery of the V&V report to the V&V client, i.e. AOCS, and the official project sign off (Section 
A). The second activity comprises the archiving of the V&V project memory and capitalization of lessons-
learned and other reusable V&V knowledge from the AOCS V&V study to improve the Q-tility’s V&V 
service provision (Section B).  
 
Figure 9. Quality-Risk Identification and Ranking Matrix 
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A. V&V Report Delivery and Project Sign Off 
    The first step after all technical activities is to compile a concept V&V report that summarizes on one side 
the technical V&V activities performed for justification and establishing confidence in the quality of V&V 
work itself. Second it provides as summary presentation of the V&V results, acceptance claims and 
recommendations from the A-case, along with the residual (use) risks that remains after the V&V study 
(Section V). Prior to the delivery of the concept V&V report, this report was sent to the AOCS V&V 
stakeholder’s representative. Next a delivery meeting was scheduled at AOCS premises with all relevant 
internal stakeholders for F-16 familiarization training simulator that might read or use the V&V report and 
the inhere contained acceptance recommendation. The V&V project manager and Q-tility enterprise manager 
prepared a presentation as a guideline to structure this meeting. During this meeting a brief introduction on 
V&V was given, followed with a presentation how the V&V study was conducted by the V&V team. Next 
the resulting acceptance case plus the recommendation (Section V-F) were presented. After this presentation 
the audience was given the opportunity to provide feedback on the acceptance recommendation and the 
V&V project execution. The meeting was closed with a discussion and agreement on the terms of usage of 
the produced V&V project information artifacts and results (Section VI-B). The AOCS stakeholder feedback 
and other results from discussion during this meeting were summarized and added to the V&V report as a 
separate section. Moreover some changes were made throughout to enhance the clarity and understandability 
of the V&V report. This assures that relevant stakeholder information regarding the V&V project or the 
M&S system is consolidated, facilitates the usage of the V&V report by the AOCS stakeholders, gives input 
for possible recurrent V&V of the F-16 familiarization training simulator in the future, and formalizes the 
agreements made on the terms of usage of the V&V project outcomes. After this the final V&V report was 
sent to AOCS for final approval and sign-off of the V&V agreement. 
B. V&V Project Lessons-learned and Archiving 
    To sustain an efficient and effective provision of V&V services by a V&V service provider, such as Q-
tility, it is necessary to capitalize lessons-learned and reusable V&V knowledge from any V&V project or 
activity performed. For this purpose a central logbook was maintained by the V&V team to register any 
valuable lessons-learned (e.g. tips, tricks, issues and solutions). After the delivery phase a V&V team 
meeting was held together with the Q-tility enterprise manager to discuss the V&V project execution based 
on this log. The team discussed on where and how the in-house V&V life-cycle models, guidelines, best-
practices, education or the knowledge-base with V&V method, techniques and criteria could be further 
improved. The outcomes from this discussion were documented and used as input for Q-tility’s enterprise 
level implementation of the GM-VV resource, quality and life-cycle management processes4. Final task was 
archiving the complete V&V project with in the Q-tility enterprise memory for future usage (e.g. recurrent 
V&V activity)1,2; excluding those parts classified as confidential and the information earmarked by AOCS 
(Section VI-A) that may not be retained or used by Q-tility. Q-tility’s enterprise memory is implemented as 
secure SharePoint and resource pool of V&V experts from NLR and TNO. 
Conclusions and Future Work 
    The AOCS V&V study described in this paper was one of the first large-scale applications of the GM-VV 
that followed several limited GM-VV trials1. This study showed that the GM-VV provides good guidance 
and set of reference products and process to effectively conduct V&V of distributed simulation 
environments; the resulting V&V report did satisfy the V&V needs of AOCS and was well appreciated. Prior 
to applying the GM-VV, it needs some amount of work to instantiate a concrete V&V life-cycle through its 
tailoring framework. This tailoring process is not a trivial and straight-forward activity, and has a steep 
learning curve for those not familiar with the GM-VV approach. However, our current V&V projects show 
that this initial investment effort pays back through reuse of the created V&V life-cycle model from the 
AOCS project in other M&S projects. Furthermore, the efficiency of our current active V&V projects is 
further enhanced by the V&V better guidelines, methods, techniques and metrics that resulted from the 
lessons-learned from the AOCS project. 
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    Our future work primarily will focus on the application of the GM-VV and our tailored V&V life-cycle 
model(s) for V&V studies in other M&S projects such as the current anti-tank missile training simulator and 
fighter aircraft robust power management simulator projects for the Dutch DoD. With the lessons-learned 
from such projects we aim to further improve our V&V life-cycle models, guidelines, best-practices, 
education or the knowledge-base with V&V method, techniques and criteria. A major focus here is the 
improvement of the quality-risk analysis process and integration with the argumentation network. 
Furthermore, active participation in the SISO product support group that maintains and will revise the GM-
VV standard based on user feedback and new R&D findings. 
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